Section 3 then presents the underlying models for estimating access elasticities. In section 4 we discuss the data. In Section 5 we present the results from the estimation.
Finally, in Section 6 we discuss these results and their implications.
Section 2:
Demographic Profiles of Access to the Internet Consumer interest in the Internet is well documented. The NTIA study reports overall
Internet penetration rates of 42.1%. 4 The survey d ata used in this study suggest household penetration rates of 46.5%. These numbers represent a significant increase in the proportion of households with access to the Internet. As recently as 1998, national studies indicated that only 26% of households had access to the Internet. 5 Even in 2000, the vast majority of these households accessed the Internet through dial-up modems.
However, the rate of broadband access is increasing. Recent estimates have 4.5% of all households accessing the Internet through broadband connections. Or, over 10% of those connected to the Internet access the Internet via broadband. 6 Estimates obtained from the omnibus survey indicate that 9.7% of households that access the Internet have broadband or high-speed connections. This translates into 4.9% of all households with broadband access. The reasons for the increasing popularity of broadband access are: the availability and marketing of cable modems (CM) and ADSL services; the perceived need by users for more speed and band width, and the decreasing price of broadband access.
The following figures display Internet penetration rates according to household size, level of education, and income. As noted, these charts are based on data from an omnibus survey. 7 Where appropriate, NTIA results are presented for comparison. Household Size
Penetration Rate
Broadband Average Figure 3 demonstrates that there is a positive correlation between level of education and Internet penetration. Having some college is associated with above average penetration rates. Similar distributions were reported in the NTIA report. The relationship between high-speed access and education is similar (Figure 4 ). Again households with some college have above average penetration rates. Previous studies have shown that income is correlated with Internet access and use of broadband services. 9 Figure 5 , which relates Internet penetration to income category, is consistent with his finding. Note that the richest households are almost 4 times as likely to have Internet access as the poorest households.
9 Cf., Rappoport, Taylor, Kridel, and Serad (1998) and Kridel, Rappoport, and Taylor (1999) 
Level of Income Penetration Rate
Internet Average Figure 6 provides the same information for broadband ho useholds. Income has an even stronger effect on broadband than on Internet access in general. Indeed, the richest households are 5.5 times as likely to have broadband as the poorest households. 
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The NTIA report indicates a much higher broadband penetration rate at lower levels of income than was found in the omnibus survey responses. Figure 7 provides the comparison by income category. These results should be interpreted with care since the sample sizes for broadband are small. 
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Section 3 Models of Internet access
Models of residential access to the Internet were developed in previous papers. 10 The following extensions are considered in this paper. First, the choice of access depends on the availability of the service. For broadband, this requires that either cable modem or ADSL service was available. Not all choices are available to all households. Thus, for some regions of the country, models were estimated reflecting the entire range of choices.
For other areas, the number and type of choice was limited. For some households, the choice is Internet access via dial-up access or no Internet access. A simple binary choice model is appropriate for modeling that choice. In Area 2, the choice expands. In this situation, one broadband service is also available to the household. In Area 3, the choice expands further. Now both cable modem access and ADSL service are available to the household. We note the number of choices increases as we move from Area 1 to Area 3.
Models for Area 2 can be estimated with either Tree 1 or Tree 2 structures; a nested logit specification (Tree 1) or a multinomial logit specification (Tree 2). The nested structure assumes the choice is between dial-up access or one type of broadband access, given the households has internet service. The multinomial structure is based on three choices confronting the household at the same time -choice of no internet access, dial-up access or one type of broadband access. The complexity of structures changes for models associated with Area 3.
TREE 2: MNL TREE 1: Nested For models of Area 3, two specifications can be specified and estimated. The first is a the nested logit structure as represented in Tree 3. Here there are two branches to consider. The first branch looks at internet service provided by either dial-up service or broadband service. For models in Area 3, both types of broadband service are available.
The second branch looks at the type of broadband service chosen, assuming the household has broadband service.
The first branch can also be specified as a multinomial logit.
Area 1 Only option for Internet access is dial-up access
For this situation, the following model is utilized:
Pr (1) Tree 3
All choices available
Either the multinomial specification given above or the nested logit specification could be estimated for this choice situation. In the nested logit specification, the decision tree assumes individuals choose a branch (dial-up or broadband) and then an alternative, given the branch (for the branch broadband, the alternatives are ADSL or cable modem).
The probability of choosing an alternative k from branch j and and limb I is given by 11 : In addition to the survey data, additional data on cable-modem availability and price and ADSL availability and price were used. These data were developed by Duffy-Deno The on-line survey price data were augmented by data on prices for the Internet access types that are currently not used by the household. For example, the price for ADSL access and the price for CM access (both inclusive of any ISP charge) that a given dial-up access household would likely have to pay for high-speed access (HSA), were the latter available. ADSL prices, for those households who do not have ADSL access, are assumed to be those of the household's serving Local Exchange Carrier (LEC) (e.g., Pacific Bell).
12 CM prices, for those households who do not have CM access, are assumed to be those of the household's serving CATV provider (e.g., Time Warner).
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Finally, dial-up prices, for those households who do not have dial-up access, are assumed to be the average ISP price (paid by survey households) in the Census region in which the household resides.
The on-line survey data were also augmented by data on the availability of HSA in each household's area. Clearly, one reason why a household does not have HSA is because neither ADSL nor CM access is available. Using the zip code and phone number provided by the on-line survey respondents, an indication of whether ADSL and/or CM access is being marketed in the household's immediate area can be obtained.
Five-digit zip codes were used to determine if CM service was available in the household's zip code. This was accomplished through CM availability through checks of the CM providers' web sites. While cable-modem service may not be available throughout a zip code, knowledge that cable-modem service is available in at least some portion of a zip code suggests that cable operators are actively marketing the service in the household's immediate geographic region. Likewise, the household's area code and prefix were used to determine if the LEC (e.g., Pacific Bell) is providing ADSL service from the central office servicing that area code and prefix. This again was accomplished through an availability check on the LECs' web sites, as well as through the use of data provided by some LECs as to which central offices were currently provisioned for ADSL.
Distance limits and line requirements can preclude ADSL service to a household even if a serving central office has been enabled to provide ADSL. However, as with cablemodems, an indication can be obtained as to the geographic extent to which ADSL currently is being marketed. Consequently "availability" of HSA is defined in terms of whether ADSL and/or CM access is being marketed somewhere in a household's immediate geographic area (i.e., serving wire center or 5-digit zip code). 14 Price and availability data were then matched to the Centris® ho usehold records at the zip-code level.
14 To determine whether ADSL or CM access is available to a specific household premise would require the input of the household's address into the service providers' availability checks, offered on their web sites. The on-line survey did not ask for a premise address.
Variables and delimiters used in this study:
The following explanatory variables were used in the model of simple binary choice (Model 1): 
Area 1
The first model is specified in terms of a simple logistic model, in which choice is between having Internet access via dial-up modem (Y = 1) or choosing to not to have Internet access at all (Y = 0). The probability of choosing Internet is therefore according given by:
For this estimation, a sub-sample of respondents was used. The sub-sample consisted of all records where either cable modem access or ADSL service was not available. The sub-sample consisted of 15,387 observations. The results from this estimation are displayed in Table 2 . The output from this estimation is displayed below in Table 3 . Estimated own and cross price elasticities were computed. 16 These elasticities are given in Table 3 . We note that for the choice of dialup service, cable modem service is a significant substitute. For those customers with cable modem service, however, dialup service is 16 Own price elasticity is ˆ* (1)* jjj shareprice β −
;cross price elasticity is given by ˆ* ()* i shareprice ii β insignificant. We also note a more significant impact of income in the choice of service for cable modem. Bold numbers represent own price elasticities. For Area 3, a multinomial logit function was specified to estimate the choice between dial-up access and broadband access (Tree 1). The second branch in Tree 3, was estimated as a nested logit, utilizing LIMDEP 's NLOGIT routine. 17 The specification of the branches is dependent on the significance of the inclusive values, which link branch to limb. NLOGIT provides for the complete specification and estimation of these inclusive values.
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The following table reports the estimation of the first branch in the structure -choice between dial-up access and broadband access. 17 Greene, LIMDEP Version 7.0. 18 The last branch, ADSL vs Cable modem is specified as a function of price only, there being no other choice specific attributes available. The second branch in Area 3 is viewed in terms of a nested logit. The multinomial model confirms that income and education level are major determinants of choice. The increased importance of higher levels of income and college and post college education in the choice of broadband service are also evident. IV represents the inclusive value as computed from the lower branch. The derived elasticities at this stage are given in Table 8 . Focusing on the second branch in Tree 3 unobservable differences in the utility functions for CM and ADSL are unlikely to be related to any of the observed demographic variables. Hence, only choice-specific variables are included (prices) to model broadband choice.
The following output pertains to the estimation of the choice between cable modem access or ADSL access. Price is the difference between the prices facing the subscriber. The LIMDEP direct (in bold) and cross price elasticities are given below: 
Conclusions
Using recent data from an omnibus survey, we have estimated models of consumer access to the Internet. These include models of where the choice is only dial-up access and models the choice is dial-up access, or broadband access; where the broadband choice is cable modem or ADSL.
The generic dial-up elasticity consistently falls in the -.2 to -.4 range, a number in line with previous estimations. The availability of choice matters. First, when the only alternative is ADSL, we note a significant cross price effect suggesting ADSL is a strong substitute for dial-up access. The ADSL elasticity is greater than one. However, as the penetration rates of ADSL service increase, we expect that price elasticity to become inelastic. A similar result is found in the model where cable modems are the only other alternative to dial-up access. The cable modem elasticity is smaller than the elasticity estimated for ADSL, reflecting more the increased penetration rate of cable modems in the residential market.
For the model where all types of access are available to the household, we note that both ADSL service and cable model service are strong substitutes to dial-up access. We also observe, not surprisingly, that ADSL and cable modems are substitutes for one another.
There are other factors at work in the decision to adopt broadband service. These are summarized in the type, duration and reach of the household's usage. The logical extension of the choice modeling requires the collection and use of Internet activity information. This information is being collected and will be incorporated into future broadband models.
The broadband penetration data suggest that the market for broadband services will continue to growth. As the demand for bandwidth and service quality increases, the market should witness the increasing migration of dial-up customers to customers with broadband services. This migration will accelerate as broadband prices (relative to dialup prices) fall, as availability of broadband services increases, and as the applications that use broadband services increase.
